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Symbols of the worldwide spread of electrical tech- 
nology since young Tom Edison launched his lamp 
experiments are located only miles apart in Japan. 
At Osaka, near the research laboratories of the 
Matsushita Electric Company, is a full-length statue 
of Edison (left), surrounded by other electrical 
pioneers. It was commissioned by the firm’s found- 
er, Konosuke Matsushita, in order that “our em- 
ployees would be reminded of Edison’s example 
and be inventive like him.” Nearby, at Kyoto, a 
memorial stands on the grounds of a Shinto shrine, 
source of bamboo for Edison’s lamp filaments. 


ety of programs in which they are engaged, these and awards; rather they are the contributions made 
men and women constitute the strongest and most to new and improved products which General Elec- 
diversified technical team to be found anywhere. tric can offer: to industry for greater productivity; 
One evidence of this is the Company’s patent rec- to utilities for efficient and environmentally-sound 
ord; GE has led the list of companies receiving U.S. ways to generate and deliver power; to government 
patents every year since records have been kept. for stronger defense; and to consumers for new con- 
Over recent years, GE engineers and scientists have venience, safety, reliability, and greater value. Re- 
been producing patentable new inventions at the cently, an in-depth Company-wide study—through- 
rate of nearly four every working day. Our people out Operations and at the Corporate level—con- 
have won countless other awards, too . . . Nobel firmed our traditional strength in technology, but it 
medals, the top honors of professional societies, and also came up with many challenges. What it all 
industrial prizes. But the most important contribu- means is that the Company’s second century is 
tions of our engineers and scientists are not patents going to be a very exciting time for all of us.” 


FOREWORD 


General Electric's first century— 
prelude to the second 


a be beginnings of General Electric trace 
back to the formation of its earliest prede- 
cessor—the Edison Electric Light Company, 
founded October 15, 1878 when a small group 
of investors raised $50,000 to support the in- 
candescent lamp experiments of Thomas Alva 
Edison. Thus, what is today’s General Electric 
began 100 years ago not with a product but with 
an idea. | , 

This is the story of what has come of that 
idea, Here are assembled a series of chapters 
appearing in the Company’s employee maga- 
zine, the GE Monogram. The series was pub- 
lished to remind General Electric people of the 
proud heritage that underlies their work today. 
But it does more, by going beyond the historical 
highlights and projecting major trends into the 
future. As a result, the series brought together 


here has, we believe, a wider interest: it surveys — 


not merely where one major U.S. company has 
been but where it is today and where it is going. 

Several key points emerge. One is that while 
General Electric is, today, one of the most di- 
versified enterprises, its diversity springs from a 
unifying core of related technologies. Businesses 
in aircraft engines and power plants for ships, 


as examples, trace directly back to GE’s pioneer- - | 


ing of turbine technology, just as our present- 
day business in medical systems finds its origins 
in X-ray advances developed in our Research 
Laboratory. General Electric is a single com- 
pany, unified by its technological heritage. 
Another main characteristic of General Elec- 


tric today is that it is a company in transition. 
While GE remains the world’s leading electrical 
manufacturing company, the new directions 
opened up by our technologies and by the en- 
trepreneurial drive of our managers are leading 
General Electric far beyond our traditional core 
businesses. Today, nearly half of our earnings 
derive not from electrical manufacturing but 
from materials and services—materials such as 
engineering plastics and the natural resources of 
our Utah International affiliate, and services 
such as those in computerized information net- 
works, apparatus service facilities and credit 
financing. General Electric’s expansion into a 


business with revenues nearing $20 billion per 


year is the result not of “growth for growth’s 


sake,” but is based on the principle of meeting. 


a constantly broadening range of society’s wants 
and needs. 

Still another important facet of General Elec- 
tric today is that it has become, increasingly, an 
international company, both in the growing vol- 
ume of its exports from the United States and 
in the operations of its international affiliates. 
In 1977, about one-third of the Company’s total 
revenues came from international markets. GE 
products are at work around the world helping 
nations strengthen their economic sinews and 
provide rising living standards for their people. 

Most importantly, General Electric is an or- 
ganization of creative people—only a very few 
of whose contributions can be recognized in the 
limited space of this booklet. GE employees 
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GE Chairman Jones, right, dedicates Centennial Hall of History exhibition at the Schenectady. Museum. 


have, from the time of the Engineering “Test” 
course established in the Company’s earliest 
days, been eager participants in the array of 
educational programs provided for their self- 
development. They have led in developing and 
applying new concepts of professional manage- 
ment. Our annual awards for volunteer com- 
munity activities invariably uncover an embar- 
rassment of riches in terms of our employees’ 
outstanding extracurricular services to society. 
And as for technology, GE people have been 
and continue to be, the world’s most inventive 
force, garnering more patents and more Indus- 
trial Research awards for innovation than any 
other enterprise. 

Here in its Centennial Year, General Electric 


is, then, a diverse company, but one whose di- 


versity is not a patchwork of unrelated assets. 
General Electric has roots. We are a product of 
history, shaped and tempered by time. We have 
our legendary people, places and events. 

But we remain, above all, a future-oriented 
organization of men and women who aim at 
making the next century, like the first, one hun- 
dred years of progress for people. 


Chairman of the Board 
and Chief Executive Officer 


Contents 


1. The Story of Light 5 


Formation of the Edison Electric Light Company 
... Lhomas A. Edison’s invention of the incan- 
descent lamp .. . First lighting installations. . . 
Merger of Thomson-Houston and Edison Gen- 
eral Electric ... Dr. Coolidge and ductile tung- 
sten ... The evolution of lamps .. . Trends in 
lighting research. 


2. Developing the Electrical System 13 
The development of a-c systems . . . Industrial 
polyphase motors ... Development of the Curtis 
turbine . . . Growth of steam and gas turbine 
technology ... Nuclear energy . . . Outlook for 
generation and transmission. 


3. Technology for Transportation 21 
Electric locomotive at Menlo Park . . . Sprague 
and trolley developments . . . Mainline railroad 
electrification .. . Ship propulsion . . . Aircraft 
engine progress ... Future of transportation tech- 
nology. 


4, Products for Electrical Living 29 
Growth of Hotpoint® .. . The Hughes Electric 
Heating Co... . Edison Electric Appliance Com- 
pany ... Monitor Top refrigerator . . . House- 
wares, radio & TV ... Appliance Park . . . Con- 
sumer products outlook. 


5. The Age of Electronics 37 


Alexanderson’s alternator . .. GE vacuum tube 
developments .. . GE Broadcasting stations .. . 
Early television . . . Frequency modulation & 
radar... Solid-state electronics... Industrial elec- 
tronics . . . Information services . . . Future of 
electronics. 


6. New Businesses from Research 45 
Establishment of the GE Research Laboratory 
... Coolidge x-ray tube .. . Carboloy® cemented 


carbide ... Man-Made® diamonds . . . Silicones 
... Plastics ... GE in space... International 
technology. 


Highlight 
History 
Of 
General 
Electric 


Editor: 
Devere E. Logan 


Associate Editors: 
Edna Vercini, Linn Weiss 


Design: 
Ron V. Taylor Associates 


Cover: 
Quiltwork by Tracy H. Seidman 


Photographers: 

Stan Blanchard, Russell Ley, 
Joseph Brignolo, Dan Montross, 
Wayne Lennebacker, 

John Wiesman 


Copyright 1978, General Electric Com- 
pany. Published by Corporate Public Re- 
lations Operation — Douglas S. Moore, 
Vice President. Editorial supervision by 
David W. Burke, Manager, Corporate 
Communications, and J. Hervie Haufier, 
Manager, Corporate Editorial Programs. 
Request permission to reprint contents 
from the Monogram Editor, Fairfield, 
Connecticut 06431. 


100 Years of 
Progress for People 


GENERAL @) ELECTRIC 


seme tehihihiaoatige 9: io ARE ce a Nga 
py ee aK Ma es Bac garitotnaia 
ord ie ‘ 
: F ‘ae ’ 
“ * ae el 


we 


ee 


CHAPTER I 


The Edison Years 


ne hundred years ago, October 15, 1878, a 

company was formed to support Thomas Alva 
Edison’s inventive genius as it transformed a tiny 
carbonized sewing thread sealed in a glass globe into 
a practical product and launched a new electrical 
era, transforming the lifestyles of people through- 
out the world. Today, descendants of that in- 
candescent lamp glow in silent tribute to 
Edison and the company—General Elec- 
tric’s earliest predecessor—whose finan- 
cial backing made that invention possible. 

Public recognition of Edison’s genius 
arrived when he was only 23, following 
his invention of an improved stock ticker. 
During his creative life he would receive 
1,093 patents covering such devices as the 
phonograph, motion pictures, the electric pen, 
waxed paper, and, of course, the incandescent 
lamp. 

In 1878, at the age of 31, Edison was well-estab- 
lished as a fulltime inventor, having moved to his 
Menlo Park, NJ, laboratory two years earlier. Edi- 
son had begun experiments on the “electric light 
problem” in the fall of 1877, a period when the gas- 
light provided conventional home illumination. 

“I realized that an electric lamp, to be commer- 
cially practical,” wrote Edison later, “must, of neces- 
sity, bear a general comparison with the gas jet in at 
least two points: first, it must give a moderate illu- 


Key Dates in GE History 


1878—The Edison Electric Light 
Company is founded on October 15 
to support Edison’s incandescent lamp 
research at Menlo Park, New Jersey 
—home of the world’s first industrial - 
development laboratory. 1879—The 
first practical incandescent lamp is in- 
vented by Edison, who also constructs 
his first dynamo. 1880—Edison is 
granted incandescent lamp patent. 
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mination, and second, such a lamp must be so 
devised that each one could be lighted and extin- 
guished separately . 
Sharing Edison’s vision of an electric lighting sys- 
tem was New York attorney Grosvenor P. Lowrey, 
counsel to the Western Union Telegraph Com- 
pany and a good friend of the inventor. In 
October of 1878, Lowrey organized the 
Edison Electric Light Company with a 
capitalization of $300,000. Edison re- 


in return, agreed to develop his incandes- 

cent lighting system. Biographer Matthew 

Josephson would later observe: “The 

launching of the Edison Electric Light 
Company by such sponsors is noteworthy in 
that it inaugurated a phase of increasingly close 
relations between big business and technology 

in this country...” 

Edison plunged into his work. His wizardry 
thrived, not in isolation, but among a team of equal- 
ly hard-working Menlo Park assistants, each of 
whom was a specialist in his field. Among these 
were Charles Batchelor, an English machinist; the 
congenial Swiss clockmaker John Kruesi, who 
could decipher Edison’s crude sketches and trans- 
form them into the desired apparatus; Francis Up- 
ton, a mathematical physicist; and Francis Jehl, a 
former clerk in Lowrey’s law office who became a 


Trial runs of Edison’s first electric [ete tebisapttts re ais 
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chine Works is established in N.Y.C. 


ceived half the shares of the company and, 
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trusted laboratory assistant of the inventor. Experi- Menlo Park on New Year’s Eve to a crowd of 
ments proceeded along several lines. In addition to 3,000. 
a practical electric lamp, Edison realized that he 
would need a complete system. It was necessary to 
invent everything: dynamos, regulators, meters, The transition from laboratory triumph to commer- 
switches, fuses, fixtures, and a host of other detail cial success would require extensive manufacturing 
parts, even down to the insulating tape. : facilities, so in 1880 Edison formed a separate 
Upton’s calculations using Ohm’s law Dolce to company to furnish lamps to the parent company 
the need to develop a lamp with a ; and opened a small factory near his 
high-resistance filament to insure the | SS: laboratory. He turned to Bergmann 
success of the lighting system. It was ON 2 ee;aieljan & Company of New York for sock- 
Edison’s filament—a very thin thread — & | ets, switches and other components 
or wire that would highly resist the 7 ~__ | and to the new Edison Machine 
passage of electric current—that : 9 ~~ Works in 1881 for dynamos and ihe 
would be his greatest contribution to |F | other heavy machinery. Aili: a me 
lamp design. He experimented with |< ee ~=—S The popularity of the Edison light- iz | ee iy 
platinum as a filament material and | ewaMihe i CG ieee ing system grew with each new in- 
secured patents on two such YD) — ——z—zz__—_X__—————— aaasane ' stallation, with requests for dyna- 
early in 1879, but their high cost, mos and lamps increasing rapidly. 
intricate construction and limited efficiency elimi- The first commercial installation was made, not on 
nated them as a commercial possibility. land, but on the steam ship “Columbia” of the Ore- 
Edison then turned to carbon. He performed ex- gon Railway and Navigation Co. in 1880. The 
periments on hundreds of carbonized substances first individual or “isolated” system was installed 
before selecting a simple cotton sewing thread for a in the printing plant of New York’s Hinds, Ketch- 
filament. On Sunday evening, October 19, 1879, am and Co. in 1881. 
current was turned on. Edison and his associates While the first full-scale public introduction of 
began a long vigil, taking turns watching the glow- the Edison system was in London at the Holburn 
ing bulb. Two days later, it was still burning bright- Viaduct early the following year, the crowning 
ly, and by 2:00 p.m. Tuesday, October 21, it had achievement was the unveiling in New York of the 
remained lit for over 40 hours. Success showed in Pearl Street Station on September 4, 1882. It would 
their faces, and the inventor declared: “If it will eventually furnish electricity to 946 customers and 
burn that number of hours now, I know that I can 14,311 incandescent lamps. 
make it burn a hundred!” Edison’s successful installation at Pearl Street was 
Edison’s success was announced to the world by recorded by the New York Times, which wrote: 
the New York Herald on December 21, 1879. While “The giant dynamos were started up at three in the 
scientists rejected the report as a fake, gas stocks fell afternoon, and according to Mr. Edison, they will 
drastically while stock of the Edison Electric Light go on forever unless stopped by an earthquake.” To 
Company soared—eventually hitting $3,500 a share. a New York Sun reporter the inventor would say 
Edison demonstrated his electric lighting system at simply, “I. have accomplished all I promised.” 
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4} - Thomas A. Edison’s laboratory, ~ 
in which he invented the practi- 
cal light bulb and over 420 other 
devices. In 1929, Edison re-en- 


1882—Pearl Street Station—the na- 
tion’s first central station—begins 
operation in New York City. Sprague 
develops under-running street railway. 
1883—The Thomson-Houston Com- 
pany is formed from the American m8 oS , i 
Electric Company. 1886—Edison Ma- — > De . er p= : Herbert Hoover and Henry Ford 
ce eee ae to Popes nae i Ae & i Se | c a ats in attendance. The event was a 

tanley perfects electrical transformer — De _ ~~ oa Hie ey i Sey ede aes ry 
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acted his moment of success (in- 
sert) with Francis Jehl, President 


Henry Ford Museum and Green- 


1889—Edison General Electric Com- ee a 
pany is formed. Thomson-Houston : - | | 
purchases Brush Electric Company. : : . | Golden Jubilee of electric light. 


field Village and celebrated the 
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Acentury of lighting 


I: 1889, the Edison Electric Light Company was 
consolidated with several of the inventor’s other 
companies to form the Edison General Electric 
Company. In 1892, the merger of this firm with the 
Thomson-Houston Company sym- 
bolized the end of an era and the 
beginning of another. Edison 
turned his attention from lighting tO pv emeanas” 
developing a new iron ore milling ~ 
process at a mine near Ogdensburg, 
New Jersey. As for lighting, its con- 
tinued development would rest with 
innovators of the fledgling new 
General Electric. 

From the young GE Research 
Laboratory in 1904 came news of 
another advance in the carbon fila- 
ment. Dr. Willis R. Whitney pro- 
duced a new metallized carbon fila- 
ment or GEM (for General Electric 
Metallized) lamp with 25% higher efficiency than 
regular carbon lamps. GEM lamps were sold from 
1905 through 1918. 

The search for better filament materials begun by 
Edison continued, with tungsten increasingly recog- 
nized as an ideal metal of high melting point but also 
a stubborn, brittle one that was costly to fabricate. 
In 1905, Dr. William D. Coolidge, an M.I.T. associ- 
ate of Whitney, joined the GE Research Laboratory 
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ame, Cheaper Than Oil. 


and soon accepted the challenge of taming tungsten. 

For two years, Coolidge patiently experimented 
with tungsten. He hammered, squeezed, rolled, 
pressed and then drew the material, each time ob- 
serving its brittleness and pliability. 
Finally, in 1908, by employing a 
special swaging process before 
drawing the tungsten through hot 

pubes diamond dies, Coolidge produced 
het commercially-practical ductile 
tungsten that could be drawn to 
specific diameters. 

Public announcement of Coo- 
lidge’s success was made in 1910, 
following his development of tech- 
niques for producing ductile tung- 
sten in commercial quantities. The 
result was a lamp with twice the 
output of the GEM design, and with 
a rugged filament that could take 
the shocks and vibrations of automobiles, railroad 
cars and street cars. The Coolidge process, with only 
slight modifications, is still in use today. 

In 1913, Coolidge’s GE associate Dr. Irving 
Langmuir produced a light bulb filled with inert gas, 
following extensive studies of the gases occurring in 
the internal atmosphere of lamps. The gas-filled 
bulb—introduced commercially as MAZDA C— 
again doubled efficiency plus providing a bonus of 
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1891—Stanley Electric Manufactur- 
ing Company is formed at Pittsfield, 
Massachusetts, and first transformer 
shipped. Edison wins key patent suit 
on incandescent lamp. 1892—The 
General Electric Company is formed 
through the merger of Edison Gen- 
eral Electric Company and Thomson- 
Houston Company. Charles A. Coffin 
is the first president. Charles P. Stein- 
metz joins the Company at Lynn, 
1893—GE transmission. line work 

begins with opening of Redlands- 

Mill Creek power line in California. 
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The 
Evolution 
of 
Lamps 
1879 | [oli 1925 
Edison Carbon Ductile Tungsten Inside Photoflash 
Lamp Lamp Frost Lamp 


1934 1938 


Mercury Fluorescent Sealed 
Vapor Lamp Beam 


reduced bulb blackening. Today, nearly all lamps of 
40 watts or higher contain inert gas. 

Expanded lighting research resulted from the 
addition of the Nela Research Laboratory, part of 
the campus-like Nela Park in Cleveland, Ohio, that 
opened in 1913. Continued lamp and lighting im- 
provements followed, including tipless lamp con- 
struction (1919), inside frost (1925), depressible- 
beam dual filament automobile headlamp (1924), 
the S-1 sunlamp (1929), the high-pressure mercury 
lamp (1934), and the coiled-coil filament (1936). 

Over several decades, major technological break- 
throughs would emerge from General Electric’s lab- 
oratories. Significant among these were: 

e The first U.S. photoflash lamp (1930) confined to 
professional use, but later miniaturized (1939) in 
the number 5 flashbulb, the M2 (1954) and the 
AG-1 (1958), joined with sophisticated electronics 
in the flashbar 10 (1972) and Flip Flash array (1975). 
e The high-pressure gaseous discharge lamp line 
began with mercury vapor types (1934) and with 


the Bonus Line construction (1960) its performance » 


and economy improved, followed by improved col- 
or in the deluxe white mercury (1965). In 1962 the 
Multi-Vapor® metal halide lamp appeared, provid- 
ing about twice the light per watt as mercury types 
and improved color. The highest-efficiency general 
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1965-1977 


1961-1977 
Lucalox® Multi- Vapor® 
High-Pressure Line 


Sodium Line 


lighting source today is the high-pressure sodium 
lamp (1961) which was invented by General Electric. 
e The fluorescent lamp was introduced by GE in 
1938, produced light at twice the efficiency of in- 
candescents and generally lasted twice as long. The 
popularity of fluorescents grew with such innova- 
tions as instant starting (1944), Circline (1945), de- 
luxe colors (1949), Power-Groove® (1956), Mod-U- 
Line® (1968), Watt-Miser® (1974), Bright Stik® 
(1976) and Watt-Miser II (1977). 

e The Sealed-Beam automotive headlamp, which 
combined an incandescent filament with a molded 
glass reflector and lens assembly was introduced in 
1939. This new lamp revolutionized automotive 
headlighting world-wide because it provided excel- 
lent beam control and “did not grow dim with age.” 


Lighting the future 


What’s ahead for lighting? Some answers come from 
Dr. James R. Donnalley, manager, Lighting Re- 
search and Technical Services Operation, Lighting 
Business Group. The operation’s applied research, 
involving chemistry and physics, seeks to develop 
tomorrow’s lamps and lamp-making technology. 
“Lamp R&D efforts now and in the foreseeable 
future will be concentrated on the effective use 
of energy,” says Dr. Donnalley, “providing light 
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sources that give increasingly more light for the 
lighting dollar. One result of this effort will be the 
increased use of fluorescent lighting and other types 
of efficient light sources.” 

Fluorescent research is concentrating 
on color to match the warmth of incan- 
descents, new shapes, miniaturization of 
ballasts and new units that can be easily 
installed in screw-in incandescent sockets. 

‘“Flashbulb research is directed toward 
new multi-flash products providing bet- 
ter light for less,” he says. “We’re at- 
tempting to reach this goal through inno- 
vative product concepts and less expen- 
sive materials.” 

While the Lucalox® and Multi- 

Vapor® high-pressure lamps are both 

highly efficient light sources, researchers feel that 
there is still room for additional improvement. As 
for the incandescent lamp, improved reflector types 
will enable lamps of lower wattage to handle bigger 
lighting jobs. 

While it’s conceivable that entirely new ways to 
produce light will be found, Dr. Donnalley reports 
that there’s nothing new on the horizon at present. 
“Electroluminescence and light-emitting diodes 
have been explored, but to date their efficiency has 
been poor and their applications in general illumina- 
tion have been limited. 


“While we’ve made a lot of progress since Edi- 
son’s original lamp, we have a long way to go in the 
conversion of electrical’ energy into light. Lamp 
technology is still in relative infancy, and every for- 

ward step we take saves energy dollars 

for our country, and for our customers.”’ 

Edison’s inventive genius was honored 

often. However, no greater tribute was 

tendered than on October 21, 1929 at 

Greenfield Village in Dearborn, Michi- 

gan. To celebrate “Light’s Golden Jubi- 

lee,” Henry Ford welcomed 300 world 

dignitaries, including President Hoover, 

Orville Wright, Madame Curie, Will 

Rogers, Harvey Firestone and others. 

Although weak and fatigued, the aging 

inventor addressed the guests briefly, re- 

flecting upon the 50th anniversary of his famous 
lamp: 

“I would be embarrassed at the honors that are 
being heaped upon me on this unforgettable night, 
were it not for the fact that in honoring me, you are 
also honoring that vast army of thinkers and work- 
ers of the past and those who will carry on, without 
whom my work would have gone for nothing. 

“If I have spurred men to greater efforts, and if 
our work has widened the horizon of thousands of 
men and given even a little measure of happiness in 
the world, I am content.” 
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GE HISTORICAL HIGHLIGHTS 
CHAPTER 2 


a6 he invention of a practical, commercial incan- 
descent lamp was only the opening number of 
my program,” observed Thomas A. Edison in 1926, 
“for upon my taking up the electric light problem in 
1878, my concept was a complete system for the 
distribution of electric light in small units in the 
same general manner as gas.” 

The system envisioned by Edison would even- 
tually be refined and expanded by several other 
creative inventors during the mid-1880s. One of 
them was young William Stanley 
of Great Barrington, Massachu- 
setts, who, in March of 1886, un- 
veiled a new lighting system that 
used alternating current (AC) 
rather than direct current (DC), 
and a newly-developed efficient 
transformer. 

The success of Edison’s light- 
ing system was unquestionably 
the dramatic first step toward 
electrification of the nation. How- 
ever, the Edison generating sta- 
tions used low-voltage direct cur- 
rent, and this limited transmission 
areas to about 16 square miles. Such low voltages 
also resulted in high costs. In contrast, AC systems 
using transformers could send current economically 
for long distances, with lights and motors operating 
from the same circuit. And for a nation recognizing 
the value of AC motors for improved industrial pro- 
ductivity, the time was at hand for AC systems. 

Alternating current technology had not escaped 
the attention of the Thomson-Houston Company. 
As early as 1885, Elihu Thomson had built an ex- 
perimental system. Within two years he was market- 
ing an AC dynamo. Yet the inventor was cautious in 
his entry into the field, emphasizing the need to de- 
velop devices that would protect customers from 
serious shock. The basic arc lighting business of 
Thomson-Houston provided solid growth through 
this period, and the company was serving 587 cus- 
tomers by 1890, with another 400 incandescent sys- 
tems operating over 300,000 lights. 

By the early 1890s, continued growth of the elec- 
trical industry was stymied by patent deadlocks. As 
_ businesses expanded, it became difficult for com- 
panies to produce complete electrical installations 
without infringing upon the patents of others. The 
patents held by Thomson-Houston, for example, 
covered AC equipment, arc lighting and the Van 
Depoele trolley, while those of Edison General 


First AC transformer of Stanley 


Electric included DC lighting, central station equip- 
ment and Sprague railway patents. The mood was 
right for consolidation. 

In 1892 the two companies combined to form the 
General Electric Company. Charles A. Coffin, a 
former shoe manufacturer and entrepreneur who 
had been a dominant influence in Thomson- 
Houston, became president of the new company and 
guided its destiny for 30 years. Elihu Thomson, 
whose primary interest was in research, remained 
in Lynn to conduct further ex- 
periments. He would receive 700 
patents for his inventions. 

A year after the formation of 
General Electric, a major new 
market opportunity for AC 
equipment..would appear in the 
nation’s textile mills. A GE sales- 
man, Sidney B. Paine, had 
worked in the mills as a youth 
and brought this knowledge with 

oe him to the Edison Electric Light 
Pies §=6Company in 1881. In 1893, anew 
textile plant in Columbia, South 
: Carolina, asked for bids on elec- 
trical equipment, and Paine recommended poly- 
phase AC motors. These were superior to DC mo- 
tors, were sparkless and ran at a more constant 
speed. In the lint-filled atmosphere of a cotton mill, 
sparkless operation was a decided safety advantage. 

Paine’s bid was a bold one. He not only advocated 
a new AC system, but also proposed to mount.a 
series of 65-horsepower motors on the mill ceiling. 
President Coffin was concerned over the ability of 
the Company to fill the order. He wrote to Paine, 
reminding him that GE hadn’t built an AC motor of 
over ten horsepower, and suggesting the use of DC 
motors instead. Paine persisted, explaining the need 
for alternating current. Coffin relented. 

The motors began operating in April of 1894. 
Through the leadership of GE’s head technical man- 
ager, E. W. Rice, Jr., and the calculations of mathe- 
matical wizard Charles P. Steinmetz, the motors 
delivered 85 horsepower rather than 65 and per- 
formed well. In fact, they worked so well that 30 
years later they would still be in service. 

Alternating current had met the test. Soon, poly- 
phase motors and AC drives would go to work in 
other industries — cement, paper, steel and print- 
ing. Also, in 1894, at Niagara Falls, GE would suc- 
cessfully produce a 26-mile-long, 10,000 volt trans- 
mission line to bring hydropower to Buffalo. 
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Edison Illuminating Company building replica of De- 
troit, Michigan station of 1886 as it may be seen today 
at Greenfield Village, Dearborn, Michigan. 


“Long-waisted Mary Ann” was a popular name for the 
Edison bipolar dynamo, heart of the early electrical sys- 
tem. This 8.5-KW unit, patented in 1882, was built in 
Schenectady. 
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A new age of steam 


he higher transmission voltages of the mid- 

1890s were placing an increasing burden on the 
slow-moving steam engines used to drive electric 
generators. The lumbering, 100-rpm behemoths 
limited the amount of electricity a central station 
could generate. Needed: a high-speed prime mover 
to spin the generators much 
faster. 

In 1896, the answer came to 
Schenectady via inventor Charles 
G. Curtis. He proposed to build a 
Wheel with a succession of steel 
blades, called buckets, around its 
rim. High-pressure steam striking 
these buckets would spin the 
wheel, rotating its shaft at high speed. Condensing 
steam would create a vacuum that would boost the 
total steam pressure. - 

Could the turbine be built? Or would it fly apart, 
as some engineers thought likely? GE’s Rice took 
a gamble and began work on the machine. Curtis, 
assisted by former Edison associate John Kruesi, 
labored over two years, conducting test after test, 
but his turbine failed to match the performance of 
piston engines. The outlook was murky. Should fur- 
ther investments be made? Rice asked a young 
Lighting Department engineer, William LeRoy 
Emmet, to investigate the problem. Emmet, confi- 
dent in the design, undertook several changes in the 


GE’s Key Dates in History 


1893—GE transmission line work 
begins with opening of Redlands- 
Mill Creek power line in California. 
1894—Elihu Thomson patents first 
resistance furnace. 1895—-GE builds 
world’s largest electric locomotives 
(90 tons) and transformers (800 
KW). 1896—Curtis begins develop- 
ment of turbine at Schenectady. 
1897—Development begins on oil 
circuit breaker to control large 
quantities of power. 1900—-GE Re- 
search Laboratory is established, 
headed by Dr. Willis R. Whitney. 


arrangement of buckets and nozzles, together with 
a vertical shaft for reduced friction. These led to 
success. By 1901, a Curtis-Emmet turbine-generator 
rated at 500 kilowatts with a speed of 1200 rpm was 
operating successfully and put to work in Sche- 
nectady. 


With the new steam turbine 
ready for sale, the Company re- 
ceived its first order from the 
Commonwealth Edison Com- 
pany of Chicago. The utility 
agreed to buy two 5000-kilowatt 
turbines for its Fisk Street station, 
planned for operation in 1903. 
The units would equal the capac- 
ity of the largest steam engine, yet require only 
one-tenth the space, weigh one-eighth as much and 
cost one-third as much as a piston-engine generator 
of equivalent power. 

It was a big order. The inexperienced Schenec- 
tady shop moved ahead on the turbines, but work 


was slow and difficult. In February of 1903, the first . 


turbine was still unassembled, and its completion 
date was only a month away. A vote of plant super- 
intendents identified Billy Madigan as the one fore- 
man most likely to complete the work on time, and 
he accepted the challenge. Madigan led an all-out 
effort of around-the-clock work on the turbines, and 
three days before the promised date, gave the word 
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The 5,000-KW Curtis ur 
bine of 1903 on display at Sche- 
nectady-GE. A national historic _ 
engineering landmark, it was 
viewed by Edison, Steinmetz and 


Rice in 1922 (inset). 
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to let in steam. On March 7th, with the customer on 
hand, the turbine was successfully tested. Madigan’s 
feat would become a legend. 

In only six years, the Fisk Street turbines were 
obsolete. In 1909 they were replaced by new units 
over twice as powerful, yet installed on the original 
foundations. One of the original units was returned 
to Schenectady, where it stands today in front of the 
Turbine-Generator Development Laboratory — a 
monument to the courage of those who built it. 

The success of the Fisk Street turbines contrib- 
uted greatly to the early rapid growth of General 
Electric. The Schenectady shops became increas- 
ingly busy, and GE engineers designed progressively 
more efficient machines at higher ratings. By 1910 
the volume of the Company’s turbine-generator 
business had tripled, with nearly a million kilowatts 
of capacity sold. Over the years, kilowatt ratings of 
units grew larger, from 225,000 in 1955 to 
1,300,000 kilowatts in 1978. Today, a single unit 
can supply the electrical needs of a city of over a 
million persons. 


SAS 


Modern General Electric large 
steam turbine-generator rated 
| 980,000 KVA installed at Possum 
Point Station of Virginia Electric 
Power Company. 


The gas turbine 


Another approach to turbine design — using gas in- 
stead of steam — was proposed in 1905 by Dr. San- 
ford Moss while a student at Cornell. Later, with. 
General Electric, his experiments would contribute 
to the first flight, in 1919, of an airplane with a 
turbine-powered supercharger. During World 
War II, the engineering and manufacturing skills of 
the Company were focused on jet engine develop- 
ment, with the result that in 1945, GE would de- 
velop the first turboprop aircraft gas engine to fly 
in the nation. After the war, serious development 
began on a gas turbine suitable for industrial and 
utility use. 

By blending jet engine and steam turbine design 
with new high-temperature materials and turbine 


4 Ultra-high voltage transmission 
| lines of the future are researched 
| at this GE site near Lenox, Mass., 
at voltages to 1500 KV. 


Giant bushings dominate the 
| valve hall of the nation’s first 
solid-state HVDC systemin 
Duluth, Minn., built by GE. 


1906—The GE Tantalum fila- 
ment lamp introduced. 1908—Wil- 
liam D. Coolidge renders tungsten 


1900—GE trademark is regis- | 
| ductile, paving the way for modern 


tered. 1902—Sprague Electric Com- 
pany acquired by GE. 1903—Curtis 
Steam Turbine line introduced. GE 
acquires Stanley Electric Manufac- 
turing Company. 1904—Alexander- 
son develops single-phase railway 
motor. 1905—-GEM metalized-car- 
bon filament lamp is introduced. 
Steinmetz invents high-voltage recti- 
fier. GE organizes Electric Bond 
and Share Company to aid small 
utilities. 1906—Alexanderson pro- 
duces high-frequency alternator. 


lighting. 1910—-George A. Hughes, 
founder of Hotpoint, begins manu- 
facture of first practical electric 
range. 1912—-The GE Pension Plan 
is established. GE powers first elec- 
trically-propelled ship for the U.S. 
Navy. 1913—Coolidge demon- 
strates first practical x-ray tube. 
Dr. Irving Langmuir’s gas-filled 
incandescent lamp is introduced. 
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wheels, the Company successfully produced a com- 
mercial product by 1949 when it shipped a 3500- 
kilowatt gas turbine for power generation. In 1952, 
the first two-shaft, regenerative cycle gas turbine 
was put into pipeline service, and in 1961 an 
MS 5000 heavy-duty unit — the first package power 
plant in the U.S. — was installed. 

An alternative to the coal-fired steam boiler came 
with the development of nuclear energy. In 1940, 
physicists of GE’s Research Laboratory were among 
those separating U-235 from natural uranium, and 
by 1946 the Company would be developing nuclear 
powerplants for U.S. Navy vessels. General 
Electric’s entry into the commercial boiling water 
reactor field was marked on August 31, 1957, when 
the U.S. granted Power Reactor License Number 
One to the 5000-kilowatt Vallecitos boiling water 
reactor — the nation’s first privately-owned nuclear 
generating facility. 


The future of electrical systems 


When electric power generation doubles by the 
end of the 1980s, 80% of the additions will utilize 
conventional steam cycles, either from nuclear or 
fossil energy. That’s the outlook according to 
Charles W. Elston, manager of turbine strategic 


planning in Schenectady, N.Y. 


“Even following 1990, it’s highly likely that the 
steam turbine-generator will continue to: play an 
important role, because most of the advanced cycles 
perceived today involve it in one form or another,” 
says Elston. “Recent studies indicate that the GE 
STAG® combined gas turbine-steam turbine cycle 
powerplant is a very favorable alternative for 
achieving higher efficiency economically, providing 


Future power systems are being shaped by current 
research projects at the GE R&D Center, including, 
above, development of a water-cooled gas turbine 
and, right, supercooled electric power cables. 
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a way can be found to use coal in the gas turbine.” 

Another intriguing long-range possibility men- 
tioned is the superconducting electric generator, 
chilled to —452°F by liquid helium, that could pro- 
duce as much electricity as a conventional machine 
twice its size. An experimental model is being built 
by the Company. 

The trends in transmission technology, mean- 
while, suggest that the direct current of Edison’s era 
—now in high-voltage DC systems (HVDC) — 
will undoubtedly play a crucial role in helping the 
nation cope with its energy problems. 

According to John Anderson, manager of the 
Company’s High Voltage Laboratory in Pittsfield, 
Mass., HVDC may be increasingly used to haul en- 
ergy long distances from source to use. For exam- 
ple, a generating plant at the mouth of a coal mine 
can produce electricity which is then transmitted 
hundreds of miles by HVDC wire to its eventual use 
in a populated or industrial location. GE supplied 
electrical equipment for the first such “coal by wire” 
project, transmitting HVDC power from lignite 
fields in North Dakota to Duluth, Minn., 456 miles 
away. This line was energized in early 1977. 

Among trends in the high-voltage field, Anderson 
mentions the following: more gas insulation in elec- 
trical equipment and more detailed knowledge of 
the effect of lightning on power systems — research 
that dates from Charles Steinmetz—together with 
tailoring the molecular structure of insulation to fit 
requirements, and more work on underground high- 
voltage transmission. 

Developments such as these keep the electrical 
system changing and growing — still young, despite 
its birth in Edison’s day. 
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GE HISTORICAL HIGHLIGHTS 


CHAPTER 3 


‘A aboard!” Thomas Edison, inventor-turned- 
railroad-conductor, raised his voice to herald 
the trial run of America’s first full-sized electric 
locomotive. It was May 13, 1880. The “Wizard of 
Menlo Park” had constructed a narrow-gauge rail- 
way winding a third of a mile near his New Jersey 
laboratory. It included a small, six-foot-long loco- 
motive powered by an 11- horsepower Edison dyna- 
mo and pulled a small, open-air passenger car. 

‘Fire her up!” commanded Edi- 
son to “engineer” Charles Batch- 
elor at the throttle. The passengers 
shouted their approval and waved 
their handkerchiefs as the tiny 
train slowly gathered speed and 
bumped along the track on its 
way to the terminal. History re- 
cords that the return trip was less 
exhilarating, since attempts to re- 
verse the engine resulted in a 
burst friction wheel, and passen- 
gers had to push the train back to its starting point. 

But the application of electricity to transportation 
needs had begun. Many railroad executives would 
later visit Menlo Park and discover a reliable, well- 
controlled locomotive achieving speeds of 40 miles 
per hour. Yet many regarded it as a toy, and cer- 
tainly no replacement for either horsecars or steam 
locomotives. One exception was Henry Villard, 
president of the Northern Pacific and a director of 
Fdison’s company. Villard encouraged Edison to 
build a 50-mile electric railway in the wheatlands 
of the Midwest. But the press of other projects drew 
Edison from the project, and the bankruptcy of the 
Northern Pacific ended Villard’s dream. 

Edison did employ one of the most innovative 
minds in electric traction, however. In 1883, Frank 
Julian Sprague was working primarily on the con- 
struction of new Edison central stations, but in his 
spare time was also experimenting with electric 
motors. His fascination with them led to his resig- 
nation in the fall of 1884 to form the Sprague Elec- 
tric Railway and Motor Company. He continued 
his experiments, testing a clean, quiet and economi-. 


cal new electric traction system that could replace 


the smoke-spewing steam locos of the day. 
Meanwhile, in East Cleveland, Ohio, E. H. Bent- 


Edison’s 1880 electric loco. 


ley and Walter Knight constructed the first public 
street railway in the nation to openly compete with 
the ruling horsecar. It opened in the summer of 
1884. Another pioneer, Charles J. Van Depoele, 
ambitiously introduced experimental electric trolley 
lines in Toronto, Detroit, South Bend and Minnea- 
polis, with a unique trolley pole equipped with a 


_ grooved wheel running along an overhead wire. By 


1889, both companies would elect to merge with 
Thomson-Houston. 

In the spring of 1887, Sprague 
was given a contract to develop 
a new street railway in Richmond, 
Virginia. It would become the 
nation’s first large-scale electric 
streetcar system. The order was 
for 40 cars, 12 miles of track and 
a 375-horsepower electric plant. 
It was to be finished in 90 days. 
The route included steep grades, 
sharp curves and unpaved streets 
that clearly eliminated animal power. 

Technical challenges had to be overcome, and 
typhoid fever made Sprague miss his deadline, but 
by the fall of 1888, reliable and economical oper- 
ation had been achieved. New trolley poles were 
developed, lightning arresters were installed, and 
carbon brushes for the motors eliminated the source 
of numerous motor failures. The success at Rich- 
mond was an expensive one, costing Sprague nearly 
twice what he was paid, but the investment would 
be repaid by the additional business generated when 
word of his accomplishment spread. By 1890, 
Sprague and Thomson-Houston would be dominant 
in the field. 

Sprague’s company eventually became part of 
General Electric by virtue of its purchase in 1889 
by the predecessor Edison General Electric Com- 
pany. With the merger of the Thomson-Houston 
companies, the new GE had in place a strong Rail- 
way Department that quickly demonstrated its ex- 
pertise in 1893 by building an elevated railway 
encircling the grounds of the Chicago World’s Fair. 

Electricity had performed satisfactorily on nu- 
merous trolley systems, so it next entered the domain 
of the steam-wheezing “‘iron horse.” The first main- 
line electrification was accomplished by the Balti- 
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Amtrak passenger trains zip along the busy North- 
east rail corridor pulled by husky GE E60CP elec- 
tric locomotives, fast becoming the reliable work- 
horse of the system. 


A 1904 GE-powered electric parlor car operated 
by the Branford Trolley Museum, East Haven, 
Connecticut, whisks riders along a scenic three- 
mile round trip. 
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New GE diesel-electric locomotives are gradually 
replacing wood and coal-fired units in Nigeria, 
which is upgrading its rail transportation system. 
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more & Ohio Railroad. In 1895, the B&O began 
using three 96-ton, 360-horsepower General Elec- 
tric locomotives to pull trains through its new mile- 
long Baltimore tunnel. In 1907, New York’s Grand 
Central Station banished steam locos in favor of 35 
GE electrics, whose 1,700 clean and quiet horse- 
power equalled that of the steam monster they re- 
placed. All GE locomotives operated over 50 years. 

Over the years, additional technological develop- 
ments from GE have made rail history. Among 


Electricity on 
the sea 


As early as 1909, the idea of applying electricity 
to ship propulsion had intrigued GE consulting 
engineer William Emmet. Turbine-electric drives 
would be feasible, economical, and practical on 
large vessels, he told the Navy. But officials re- 
mained unconvinced, preferring to stay with tradi- 
tional steam propulsion. Emmet persisted, empha- 
sizing that GE electric motors should be given a 
fair trial. At last, the Navy agreed to a test, and in 
1913, the collier Jupiter was commissioned. It soon 
demonstrated the value of turbine-electric drives 
for maritime use, and was followed in 1915 by the 
all-electric ship New Mexico, which firmly estab- 
lished electric drives as economical and reliable at 
sea. The success of the Jupiter and New Mexico 
resulted in the Navy’s adoption of electric drives 
for all its capital ships. 

Civilian maritime applications also began in 1915 
with the commissioning of the SS Pacific. The first 
large cargo steamer of moderate speed built in the 
U.S., she was equipped with a GE steam propulsion 
system that included a five-stage Curtis turbine de- 
veloping 2,400 shaft horsepower and a speed of 


GE’s Key Dates in History 


1938—GE announces development 
of the fluorescent lamp. Katharine 
Blodgett develops “glareless” glass. 
1940—GE’s Kingdon and Pollock 
isolate a quantity of U-235. Charles 
E. Wilson becomes president and 
Philip D. Reed chairman of General 
Electric. 1942—-Charles E. Wilson 
joins War Production Board; Gerard 
Swope returns as president. Philip D. 
Reed resigns to serve Harriman Mis- 
sion in London; Owen D. Young re- 
turns as chairman. 1943—GE 
Credit Corporation is announced. 


them: the first V-8 gasoline rail passenger car 
(1908), the first commercially successful diesel- 
electric loco (1924), first American gas turbine-elec- 
tric loco (1948), first U.S. rectifier-type AC electric 
locos for passenger service (1955), the GE E50— 
the first thyristor-controlled, commercial-frequency, 
automatically-controlled, AC electric loco in the 
U.S. (1968) and the world’s first 50,000-volt, 
6,000-horsepower thyristor-controlled locos for the 
Black Mesa and Lake Powell Railroad (1973). 


11.5 knots. Continued development of marine tur- 
bines through the ’20s and ’30s positioned the Com- 
pany as a leader in the maritime field. In World War 
II, GE marine systems powered some 1,700 U.S. 


Navy and Merchant Marine Ships. 


Today, diverse GE technologies are being applied 
to ship propulsion, including geared steam turbines 
for giant supertankers, containerships and liquefied 
natural gas transports. Gas turbines, derived from 
both aircraft and heavy-duty land types, have also 
gone to sea. A program begun in 1959 produced the 
GE LM1500, a derivative of the J79 aircraft engine, 
that»powered hydrofoils and patrol boats. In 1970, 
the LM2500 marine gas turbine was selected to 
power 30 U.S. Navy Spruance-class destroyers— 
the Navy’s first gas turbine-powered combat ships. 
Later, the gas turbine was used on Navy and NATO 
patrol hydrofoils and guided missile frigates. The 
world’s first commercial ship powered by a heavy- 
duty gas turbine—a GE MS-5002R—was the “Iron 
Monarch,” a 15,000-ton Australian cargo vessel 
that began service in 1973 and set an endurance 
record in 1977 of over 10,000 hours of operation. 
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The evolution of GE ship propulsion technology is dramatized by the modern 
Adrian Maersk and the SS Pacific (inset), which was commissioned in 1915 and was 
the first large cargo steamer of moderate speed built in the U.S. to be equipped 
with geared steam turbine propulsion. 
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Aircraft engines 


Climbing 14,109 feet up Pikes Peak, Dr. Sanford 
Moss and his GE colleagues tinkered with a new 
device attached to a 350-horsepower Liberty recip- 
rocating aircraft engine. It was June 19, 1918, and 
the device was the turbosupercharger—a means 
of boosting piston engine power by compressing air 
into the intake. Moss’s tests were 
successful. The new GE turbo- 
supercharger allowed reciprocat- 
ing aircraft engines to operate 
efficiently at higher altitudes than 
ever before, setting altitude rec- 
ords in the ’20s and ’30s. 3 

World War II brought the jet 
age. America’s entry began with 
a jet engine design conceived by 
Englishman Frank Whittle. Gen- 
eral Electric was invited by the 
U.S. Army Air Corps to develop a production en- 
gine. Work began in October, 1941. — 

Only six months later, the GE I-A engine was 
assembled and successfully tested. On October 2, 
1942, a small, glider-like aircraft—the Bell XP-59 
—equipped with two GE I-A engines made a secret 
and highly successful test flight of ten minutes above 
a dry lake bed in California. 

Several variations of the I-A were developed, and 
by 1943 GE would mass produce the J33 to power 
the famous Lockheed P-80 “Shooting Star.” The 
axial-flow compressor was incorporated into the J35 
in 1944, followed by the J47, powerplant for the 
F-86 and the B-47. Later, GE developed the vari- 
able-stator compressor in response to the need for a 
new reliable, high-thrust, fuel-efficient engine that 
could perform well at twice the speed of sound. The 
engine was the GE J79, used for such famous air- 
craft as the B-58, F-104 and F-4. J79-powered air- 
craft set 44 world speed, altitude and time-to-climb 
records. oe 


Bell XP-59 jet of 1942. 


canceled, GE successfully built upon its TF39 tech- 


Commercial derivatives of the J79 were intro- 
duced in 1956, with the CJ805 engine with turbojet 
or turbofan versions selected for the Convair 880 
and 990 jetliners. A geared turboshaft engine, the 
T58, was GE’s contribution to the 1957 flight of the 
first U.S. turbine-powered helicopter. | , i 

In 1958, a new high-perfor- 
mance, supersonic powerplant, 
the J85, was developed for the 
U.S. Air Force. It powered the 
Northrop F-5 “Freedom Fighter” 
and other aircraft. The J85 suc- 
cesses also resulted in another | 
major commercial engine devel- re 
opment: the CJ610 derivative | 
that brought jet power to business 
aircraft. The CJ610 and its turbo- 
fan version, the CF700, are pres- 
ently powering over 1,000 business jets. 

The day of the supersized, transport dawned in 
1965. GE received a contract to develop engines : | STS so 
for the world’s largest aircraft, the Lockheed C-5 | e ee a a tere : 
Galaxy. The resulting engine, the TF39, ushered in oe 
the era of the high bypass turbofan offering higher 
fuel economy for subsonic aircraft. 

GE returned to the role of an airline engine 
manufacturer in 1967 with receipt of a long-term 
contract to develop engines for the proposed U.S. 
SST. In 1969, the GE4 established itself as the 
world’s most powerful engine with maximum thrust 
of 69,900 pounds. Although the SST program was 


nology to market the CF6 and firmly establish the 
Company as a supplier of commercial jetliner en- 
gines by 1968. The CF6 was soon setting records on: 
DC-10, A300 and 747 wide-bodied jetliners. By the 
end of 1977, the undisputed popularity of the CF6 
was evident in its selection by 53 airlines to power 
350 wide-bodied jets. 


1944—Charles E. Wilson is again 
elected president. 1945—Philip D. 
Reed again elected board chairman. 
Ground is broken for new research 
laboratory. 1946—Irving Langmuir 
and V. J. Schaefer announce “cloud 
seeding” weather modification. GE 
begins study of power generation by 
nuclear energy. 1947—-Construction 
begins on the Knolls Atomic Power 
Laboratory. 1949—New high volt- 
age laboratory opens in Pittsfield, 
Mass. 1950—Ralph J. Cordiner be- 
comes GE’s chief executive officer. 


R556. Rev. 10-1-42 


26 


POs 


Se 


eter 


Sete ene eae es 


TECHNOLOGY FOR TRANSPORTATION 


Future of transportation 
technology 


Factors that hardly mattered during the first 35 
years of the jet age—noise level, life cycle cost and 
exhaust emissions—will play a key role in the de- 
sign of future power plants according to Fred O. 
MacFee, vice president and group executive, Air- 
craft Engine Business Group. 

“The future calls for new ways to control the 
spiraling cost of engine develop- 
ment and production, such as 
through international groups of 
companies,” he says. A new gen- 
eration engine, the CFMS56, is 
currently under such joint devel- 
opment by GE and SNECMA of 
France. Growing population, 
more leisure time and income 
should result in a tremendous de- 
mand for “people” air transport. 
“Five years from now, a new 
breed of airliner with greater efficiency and lower 
noise and emission levels will begin to appear in 
service,” MacFee predicts. 

GE aircraft engine research includes such proj- 
ects as an experimental variable-cycle engine com- 
bining the best characteristics of a turbofan with 
the strong points of a turbojet. Other projects in- 
volve energy-efficient designs and techniques for re- 
ducing exhaust emissions and engine-generated 
noise, plus a quiet, shorthaul experimental jet en- 
gine for NASA. 


Research on new transportation 
technology includes develop- 
ment of better jet engine blades 
(above), and modern GE motor- 
ized wheels in which part of the 
motor also serves as the axle to 
reduce vehicle weight. 


New jet engine technology: CFM56 


GE technologies for marine and rail transporta- 
tion, meanwhile, are also expected to play signifi- 
cant roles in expanding markets such as energy and 
raw materials. Growing international shipping of 
liquefied natural gas, for example, will require a 
buildup of the LNG fleet. 

“Railroad electrification and the advent of new 
offshore markets also offer in- 
creased prospects for the locomo- 
tive business worldwide,” says 
Carl J. Schlemmer, vice president 
and general manager of the 
Transportation Systems Business 
Division. “GE is also responding 
to the desire of rapid transit oper- 
ators for reduced power con- 
sumption.and improved reliabil- 
ity by developing new solid-state 
propulsion controls for both DC 
and AC motors,” he reports. “In addition, micro- 
processors and unique on-board diagnostic equip- 
ment are being developed.” Electric drives for giant 
off-highway trucks, developed by General Electric 
in response to mining industry needs for vehicles 
with the power of locomotives and the flexibility of 
trucks, will also benefit from greater mining of such 
materials as coal and uranium. 

General Electric begins its second century with 
diverse technological strengths for transportation 
needs, be they surface, sea or air. 
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peek into an American kitchen of 1910 would 

reveal a conspicuously non-electric lifestyle. 

There was no electric refrigerator, no electric range, 

no electric coffeemaker—and certainly no electric 

dishwasher. Yet, Thomas A. Edison emphasized 

that “the introduction of electricity in our daily 
lives is the greatest factor in human progress.” 

While Americans were increasingly aware of 
electricity’s many benefits, the orders that Kept 
General Electric shops humming were mostly for 
heavy apparatus for the burgeon- 
ing young electrical industry. The 
only GE consumer products man- 
ufactured in volume were electri- 
cal lamps and fans. 

American kitchens of the era 
were dominated by an imposing 
cast-iron black stove fueled by 
wood, coal or kerosene. An oaken 
ice box brought regular visits 


around buttonholes and into ruffles and pleats. 
Richardson followed up this idea with a new iron 
design with heating elements converging at the tip. 
In 1905 he loaned several samples to volunteers. A 
week later he returned, happily discovering that no 
One would part with the “iron with the hot point.” 
Richardson had found the ticket to success. He es- 
tablished his own Pacific Electric Heating Company 
to manufacture “Hotpoint” irons and soon was sell- 
ing more electric flatirons than any other company. 
While Richardson was experi- 
menting, a Fargo, North Dakota 
entrepreneur was tinkering with 
an electric range. George Alex- 
ander Hughes, founder of an elec- 
tric power company, recognized 
that encouraging the use of elec- 
tricity in the home could boost 
sales and lower rates. Hughes was 
convinced that in order to sell 


from a leather-shouldered ice- Fan with GE monogram (1899). electric cooking, the cook had to 


man, whose horsecart would de- 
liver him, tongs in hand, to countless kitchens of 
oilcloth and linoleum. The legacy of a relentléssly 


see the heat. His range was crude. 
The heating elements were open wires set in bricks, 
and they burned out after only a few hours of use. 


melting block of ice was, of course, a full drip pan, Yet, over several years his ranges were satisfactorily ee en = yet 
rescued by a member of the household, emptying it tested, and eventually he sold his interest in the it holds ae o poe : 
seconds before the flood. utility to devote full attention to his designs. i ag Oe 
When escape from the non-electric kitchen al- Hughes converted gasoline and oil stoves to elec- And this great food storage space | Se 
lowed, entertainment was provided by a hand- tricity, reasoning that they should resemble present ene ne ee 
wound Edison phonograph, whose cylindrical offer- models. He selected a new nickel-chromium alloy boy ogee BROS 
ings might include “Cuddle Up A Little Closer” by for heating elements mounted in an asbestos-brick gs noe 
the vocal duo of Ada Jones & B. Murray. Just a compound. His first major range promotion oc- ee ee ee me iG eee | RR 
Nit trolley ride away was a nickelodeon, or, at the curred in 1910 at the National Electric Light Asso- IF pigs 1 a ae te i “44  & ceelgl a pe & ces ink ave oe 
iil Rialto, Cecil B. DeMille’s “The Squaw Man.” There ciation convention, where he doled out tasty tidbits | eee ede ae ee a | pas 
i were also Chaplin or Sennett comedies punctuated from his range while extolling the virtues of electric | neha ae | a de 4 | 
| with a piano player’s well-worn snippets of “Pony cooking to curious utility executives. Hughes re- ee 
Hi Boy” or “Oh, Promise Me.” ceived a number of orders for sample ranges and, } sector Hf Wak ey ee ee ae at ey SS a 
a The first electric appliance to be widely accepted thus encouraged, opened his new Hughes Electric | ER paclcwayem = Realbes eee oe 
HH in American homes was the “Hotpoint” iron, and Heating Co. in a Chicago loft building. | GENERAL @ ELECTRIC 
i] its success can be partially attributed to an Ontario, Production was barely begun when a rush order Refrigerator 
Hl California housewife, Mary Richardson. Her hus- arrived from Jack Roche, manager of a Montana Sao oa OS eee 
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band, Earl, an employee of the local power com- 
pany, had been experimenting with an electric flat- 
iron since 1900. He could win favor with women 
customers, Mary told him, if he would only make 
an iron with a hot point so that it could press 


power company. “It was my first big order,” re- 
called Hughes later, “and it’s easy enough to re- 
member what time of year I received it, because I 
spent that Fourth of July of 1912 at a workbench 
getting those six ranges ready for shipment.” 


CHICAGO 
Untario, Cabi. 


GE ads inthe Ladies’ Home 


Journal (1920-28) explained 
benefits of electrical living. 
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A brass band was at the Billings railroad station 
when the shipment arrived. The enterprising Mr. 
Roche placed large ads inviting customers to “Have 
a cool, economical kitchen.” Later that summer he 
joined a circus parade with camels carrying Hughes 
ranges and salesmen. Soon, Roche 
began ordering ranges in 200-lot 
carloads and offering a low three- 
cent-per-kilowatt-hour rate for 
electric cooking. 

By 1915, Hughes’ company 
was in the black. He continued 
to improve his product, adding 
white enamel doors and bright 
nickel trim. In selling his ranges, 
Hughes pointed out that while 
coal and wood stoves had to be 
black to hide their soot, electric 
units had no such byproducts and 
therefore would make the kitchen 
more pleasant. Hughes added a 
deepwell cooker and in 1918 in- 
troduced long-lasting wire heat- 
ing elements in seamless tubes that were forerunners 
of today’s Calrod® heating units. 

While Hughes and Richardson were building 
their businesses, the young General Electric Com- 
pany was similarly moving into new consumer mar- 
kets. In 1906, a crude electric cooking device was 
introduced. It consisted of a wooden table with ele- 
vated back equipped with retractable cords that 
plugged into individual electrified utensils used for 
grilling, frying or broiling. In 1911, a GE subsidi- 
ary, the Fort Wayne Electric Works, began produc- 
ing a commercial refrigeration machine and, by 
1917, GE took its. first tentative steps toward de- 
velopment of a household electric refrigerator. 

By 1918, all three companies were producing 
good products and had excellent reputations in the 


GE’s Key Dates in History 


1951—GE pioneers the junction- 
type semi-conductor and piezo-elec- 
tric transformer. Construction 
begins on Appliance Park, Louis- 
ville, Kentucky. 1952—-New switch- 
gear development laboratory dedi- 
cated in Philadelphia. GE develops 
autopilot for navy jet aircraft. 1953 
—Lexan® polycarbonate resin an- 
nounced. 1954—GE designs J79— 
world’s first jet engine to move air- 
craft twice the speed of sound. First 
industrial installation of numerical 
control for machine tools. 


Monitor Top & Chris Steenstrup 


growing appliance industry. Each felt that they 
could better capitalize on these products and gain 
financial strength by joining together. So a merger 
was agreed upon, combining the heating device sec- 
tion of General Electric, the Hughes Electric Heat- 
ing Company and the Hotpoint 
Electric Company. The new firm, 
the Edison Electric Appliance 
Company, soon offered a variety 
of Hotpoint® electric appliances 
and housewares, including radi- 
ant heaters, foot warmers, ranges, 
electric percolators, sewing ma- 
chines and three types of hand 
irons. Since then, Hotpoint has 
been an integral part of the Gen- 
eral Electric family. 

By the mid-twenties, the famil- 
iar GE monogram that had ap- 
peared since 1899 was found on a 
growing number of electrical ap- 
pliances. GE’s “Initials of a 
Friend” were as well-known as 
Babe Ruth’s home run total. Living standards and 
leisure time were growing, thanks to electricity, 


giving Americans more time to read bestsellers like | 


“Elmer Gantry,” watch Al Jolson’s new talkie “The 
Jazz Singer,” or do the fox trot in a dance marathon. 


GE emphasizes major appliances 


General Electric’s strong move into the major ap- 
pliance field is perhaps best symbolized by the 
famous Monitor Top refrigerator, manufactured 
between 1927 and 1937. The Monitor Top was the 
first hermetically-sealed household unit that the 
average person could afford. Its name derived from 
the round top-mounted compressor unit that sprout- 
ed, mushroom-like, from the storage cabinet. It 
was designed by an enterprising Danish toolmaker, 
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GE continues its heritage of leadership in 
consumer products with GE & Hotpoint® 
major appliances for kitchen and laundry. 
Innovations also include energy-efficient 
Weathertron® heat pump and expanded 
factory service. 


33 


SSS = Sas 


SS 


eg 
ee 


Peateanse es Sons 


a Te 


ng ni agi SATS 


SSS ro 
ee espe eme sees 
tS TOT A ENS OTT ELE TELS 


~eventu 


PRODUCTS FOR ELECTRICAL LIVING 


Christian Steenstrup, who started life in apa 
digging ditches in Bridgeport, Conn., and who 
ally became supervisor of mechanical MGs 
search at the GE Schenectady Works. The Monitor 
Top was a welcome relief from the ice box with its 
drip-pan ritual, and significantly better than earlier 
refrigerators that were merely modified ice boxes 
equipped with noisy external motors and pulleys. 
Today, over 50 years after their introduction, a 
goodly number of Monitor Tops are still in service. 

Under the leadership of GE president Gerard 
Swope, the Company continued to broaden its con- 
sumer product lines through the 1930s. Among the 
new products introduced were the floor cleaner 
(1927), electric mixer and vacuum cleaner (1929), 
commercial clocks (1930), clothes washer (1930), 
ironer (1931), heat pump 
(1933), room air conditioner 
(1934), radios (1934), and food 
waste disposer—an industry first 
(1935). The Company began 
marketing the first GE dishwash- 
ers in 1932, a year in which con- 
sumer financing of appliances 
also began. The first GE wood 
cabinet portable radio was intro- 
duced in 1936 and the first FM 
radio in 1938. 

Through the Depression years, 
the Company weathered a slower 
consumer market and adopted the 
advertising theme, “More Goods 
for More People at Less Cost.” 
The emphasis was on value, and as GE’s Swope ob- 
served, “If you are convinced that you are giving a 
better article and better service, you can easily con- 
vince your customers that that is true, and the public 
is perfectly willing and able to pay a fair price for a 
good article and good service.” 


$$ 


1955—GE announces creation of in- 
dustrial-grade (Man-Made®) dia- 
monds. USS Seawolf launched— 
powered by KAPL’s first nuclear 
reactor for naval use. 1956—New 
Management Development Institute 
opens at Crotonville, New York. 
1957—GE receives nation’s first 
AEC atomic reactor license for op- 
eration of the 5-megawatt Vallecitos 
atomic power plant. First thyristor 
—a silicon-controlled rectifier—in- 
vented by the Company. 


With World War IJ, consumer goods manufac- 
turing halted as GE employees turned their talents 
from refrigerators to rockets, from ranges to radar. 
Cheering them on were patriotic radio broadcasts 
by Kate Smith and the homefront humor of Bob 
Hope and Jack Benny. 


Postwar products 


Postwar appliances resembled those of 1941, but 
soon new technology would create a dazzling new 
array of products to meet pent-up demand. Shop- 
pers were reminded that “You Can Put Your Con- 
fidence in General Electric.” In 1947, GE’s first 
automatic clothes washer and two-door refrigerator- 
freezer were introduced, along with TV sets featur- 
ing bright aluminized picture tubes. 

During the 1950s, the baby 
boom was followed by a housing 
boom, and young suburbanites 
flocked to retailers for appliances 
for their new homes. With GE 
production facilities strained, 
President Ralph Cordiner pur- 
chased 942 acres of farmland 
near Louisville, Kentucky, and 
announced a major new manu- 
facturing complex to be called 
Appliance Park. Some called it 
“Cordiner’s Folly.” But its suc- 
cess would erase such labels. 
When completed in 1957, its six 


GE toaster circa 1927 major manufacturing buildings 


and warehouse would provide 

four million square feet of space (since expanded), 

and the Park would be acknowledged as the world’s 
largest and most efficient appliance plant. | 

Consumers were reminded that “Progress. Is Our 

Most Important Product” in the mid-fifties. In ma- 

jor appliances, traditional white yielded to a bright 


Historic housewares include, 
above, 1900 Hotpoint® iron, 1909 
electric fan and 1932 portable GE 
sewing machine. Modern house- 
wares span, clockwise from right, 
Light ’N Easy® iron, Toast ’N Broil 
Toast-R-Oven® toaster, mini AM- 
FM tuner cassette recorder, food 
processor, Super-Pro® hair dryer, 
digital clock-radio, Home Sentry® 
smoke alarm and timer. 
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rainbow of new colors—petal pink, canary yellow, 
cadet blue and more. New GE housewares included 
table-top broilers, skillets, Toast-R-Oven® toasters, 
spray, steam and dry irons, and portable hair dry- 
ers. A new five-transistor pocket radio weighing 
only 15 ounces was introduced. Hotpoint entered 
microwave cooking by unveiling an electronic oven 
in 1956. 

During the space-age sixties, American lifestyles 
were altered by new forces—Beatlemania swept the 
Woodstock generation, astronauts made history in 
space, while Mantle and Maris did likewise on the 
ground. The new GE P-7® pyrolytic self-cleaning 
oven (1963) allowed a bit more time for a cinematic 
rendezvous with James Bond or the Sundance Kid. 
The electric slicing knife made its debut (1963), and 
a new line of youth electronics included trendy tape 
recorders and CB transceivers. A tiny electronic 
chip revolutionized the radio receiver industry, with 
GE designing a miniature rechargeable model the 
size of a cigarette pack. In TV, there were transis- 
torized sets, lightweight portables and a new in-line 
picture tube. 

In the seventies, change is still very much the 
name of the consumer products game. A new fam- 
ily of housewares includes food preparation prod- 
ucts such as hamburger makers, deep fryers, drip 
coffeemakers, food processors, and the Peeling 
Wand® electric peeler. Also new are smoke alarms 
and CB radios. In television, an innovative new ver- 
tical interval reference (VIR) system allows broad- 
cast controlled color TV reception. After a hundred 
years of “Progress for People,” consumer products 


Research shaping tomorrow’s major appliances involves, left, noise measurements in anechoic room and 
right, evaluation of new dishwasher tub coatings exposed to hot water vapor test. 
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remain a significant segment of General Electric. 


The outlook for consumer products 


Costlier energy and new laws and regulations that 
will require appliances to be more efficient are 
among numerous changes anticipated in the future 
of GE consumer products. “Many such changes 
have already begun,” observes Richard O. Done- 
gan, vice president and group executive of the Ma- 
jor Appliance Business Group. “Many of the appli- 
ances we make today are significantly more efficient 
than those we were making just a few years ago. 
‘“Electronics—a science that made a vast contri- 
bution during our Company’s first century—is only 
beginning to show up in the products themselves. 
Few doubt that the pace will accelerate; some say 


that the electrical servants of today will be suc- | 


ceeded by electronic servants of the. future. 

‘There appears to be little danger that any of the 
kinds of products we’re currently making will be- 
come obsolete in the foreseeable future. No matter 
how the people who use our products may change, 
they will continue to wash and dry clothes, cook 
food—increasingly with microwave ovens—and 
seek the comfort of air conditioning. Millions will 
live in homes heated and cooled by heat pumps. 

“The history of GE consumer products is a his- 
tory of changes made to meet changing consumer 
needs. This record of innovation, product develop- 
ment and improvement supplies a solid foundation 
for General Electric’s continuing leadership in pro- 
viding a variety of outstanding products of quality, 
reliability and value.” 
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GE HISTORICAL HIGHLIGHTS 


CHAPTER 5 


\ not content with less than a complete radiotelephone 
‘ship wireless operators on Christmas Eve transmitting system. He devised a magnetic modula- 


of 1906. Instead of the familiar dots and dashes of 


Morse Code, there were human 
voices on the air! Radio operators 
quickly summoned ship’s officers 
to wireless rooms to verify these 
unusual transmissions originating 
at a Brant Rock, Massachusetts, 
station. There was a woman’s 
voice bursting into song, then a 
poem, a violin solo, a man mak- 
ing a speech, and finally a request 
to send reception reports to Pro- 
fessor Reginald A. Fessenden. 
Radio had developed its voice. 
Yet, it couldn’t have happened 
without help from General Elec- 


tric and its talented young Swed- Alexanderson alternator c 


ish engineer, Ernst F. W. Alexan- 
derson, whose high-frequency alternator had made 
the historic broadcast possible. 

GE was no stranger to wireless technology. The 


Company’s co-founder, Elihu Thomson, had sent. 


wireless signals 100 feet in 1875, and the young 
General Electric Company had made wireless sets. 
So it was understandable that radio pioneer Fess- 
enden came to GE in 1904 seeking an alternator 
that would expand the range of wireless into higher 
frequencies. He had tried to build such a device and 
failed. Could Alexanderson help? 

For two years, the inventor worked devotedly at 
his designs, ignoring the skeptical opinions of some 
who thought the task to be impossible. The alterna- 
tor rising from the factory floor was ponderous. Its 
huge spinning disc reached 700 miles per hour, and 
technicians were understandably apprehensive as 
the machine reached top speed. Yet, it was precisely 
built to close tolerances, with its speed constant to 
within a fraction of a revolution. First models gen- 
erated two kilowatts of alternating current at 60,000 
cycles per second, and they soon reached 100,000. 

Alexanderson’s success changed radio. Instead of 
sputtering, snapping spark sets that transmitted 
short distances, the alternator created electromag- 
netic waves that leaped oceans. But the inventor was 


ba 


tor for the purpose, which he used with a micro- 
phone and connected to the 
alternator. His tests showed the 
system’s signals to be weak, how- 
ever, and he searched for a way 
to amplify them. His trail led nat- 
urally to Dr. Irving Langmuir in 
the General Electric Research 
Laboratory: - 

By 1913, Langmuir had made 
a major contribution to the par- 
ent science of electronics by ex- 
plaining the electron tube space- 
charge phenomena. He applied 
for a patent on a new tube, the 
pliotron, that was characterized 
by its constant vacuum, freedom 
from gaseous effects and steady, 
reliable operation. Unlike previous flea-power 
types, the pliotron could operate at up to 50,000 
volts and handle kilowatts of power. The tube was 
exactly what Alexanderson needed: it could amplify 
the microphone’s tiny voltages to make his magnetic 
amplifier efficient and pave the way for a high- 
power transmitting unit. Langmuir continued his 
prolific contributions to electronics and allied fields. 
His related studies in surface chemistry led to his 
receipt of a Nobel Prize in 1932—the first to a 
scientist employed by an industrial laboratory. 

In succeeding years, further electronics innova- 
tions were developed by Langmuir, Alexanderson, 
Whitney and Coolidge, working with associates in- 
cluding Dr. Saul Dushman, William White and Dr. 
Albert Hull. These included the use of tubes in a ra- 
diotelephone transmitter operated from a-c (1915), 
thoriated filament power tubes ( 1921), the photo- 
electric relay principle (1923), thoriated filament 
receiving tubes (1923), the Magnetron (1924), first 
rectifier tubes to eliminate batteries in home receiv- 
ers (1925), the glow-discharge regulator tube and 
screen-grid tube (1925), the cathode ray tube (1926), 
the thyratron (1928), the Alexanderson radio altim- 
eter (1928), glass-to-metal seals for vacuum tubes 
(1932), and the steel envelope radio tube (1935). 
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Huge 30-kilowatt, multi-cavity GE 
klystron for modern transmitters con- 
trasts with early tubes of Langmuir 
(inset, left, with Guglielmo Marconi). 
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These early developments supplied many needed 
building blocks for radio broadcasting. Another was 
the development of the first practical loudspeaker in 
1925 by GE engineers Chester Rice and Edward 
Kellogg, allowing radio fans to remove their ear- 
phones and fill the parlor with sound. And it was 
GE’s Charles A. Hoxie, working on a high-speed 
recorder for transatlantic radio signals in 1919, who 
devised a means of recording complex sound on 
motion picture film. He called it the “pallophoto- 
phone.” The Hoxie method of making talking mov- 
ies is the one used virtually everywhere today. 


GE begins broadcasting 


“This is station WGY ... W, the first letter in wire- 
less, G, the first letter in General Electric, and Y, 
the last letter in Schenectady.” 

Those words introduced Gen- 
eral Electric’s first broadcasting 
station at 7:47 p.m., February 20, 
1922. The audience consisted of 
only 300 amateur radio fans, but 
they were treated to a 63-minute 
program of live music and song. 
WGY was soon joined by sister 
stations KGO, Oakland, in Janu- 
ary of 1924, and KOA, Denver, 
in December of 1924. 

As technical developments 
emerged from the GE laboratories, they were con- 
veniently tested at WGY and the Company’s two 
experimental shortwave stations, 2X AF and 2XAG, 
that began operation in July of 1925 and provided 
global coverage from a 54-acre plot in South Sche- 
nectady. The voice of General Electric was heard 
clearly in Australia and Europe and by the Byrd 
Antarctic expeditions. 

While WGY achieved many firsts, one of the 
most notable occurred August 3, 1922, when it 


GE’s Key Dates in History 


1959—Lucalox®—a new light 
source is announced. 1961—GE 
opens Space Center at Valley Forge, 
Pennsylvania. 1964—Fred J. Borch 
becomes president and chief execu- 
tive officer and Gerald L. Phillippe 
is board chairman with retirement 
of Ralph J. Cordiner. 1969—Project 
Apollo lands man on the moon, with 
37 GE operations and 6000 em- 
ployees involved in the project. 1970 
—Synthesis of gem-quality dia- 
monds announced. 


First TV drama, WGY 1928. 


Gerald L. Philli ' pe 


broadcast the first radio drama, “The Wolf.” The 
event expanded radio’s dimensions by proving that 
a play could be presented solely via the medium of 
sound. . 
Meanwhile, the dream of adding sight to radio 
was realized by Dr. Alexanderson. In 1926 he de- 
veloped a mechanical scanning disc system of trans- 
mission and gave a public demonstration in January 
of 1928. WGY, recognizing the potential of video, 
again made history by producing the first dramatic 
program on television September 11, 1928. It was 
a blood-and-thunder, 40-minute play entitled “The 
Queen’s Messenger,” with but two characters per- 
forming before three simple cameras. 


Frequency modulation and radar 


In 1928, GE put radio on wheels 
by demonstrating a 50-watt radio- 
telephone used on board a New 
York Central train. By 1934, the 
Boston police were using a new 
two-way mobile radio system— 
GE’s first such installation and 
the base for the present GE busi- 
ness in mobile radio. In Septem- 
ber 1939, the Company convinc- 
ingly demonstrated the advan- 
tages of noise and static-free FM 
: (Frequency Modulation) for mo- 
bile communications in a side-by-side test with AM 
for the Federal Communications Commission. GE 
Broadcasting officially inaugurated FM on Novem- 
ber 20, 1940, at Proctor’s Theater in Schenectady 
and, in 1961, GE pioneered a stereophonic FM 
broadcasting system that was adopted as the nation’s 
standard. J 
With the outbreak of World War II, GE droppe 
its commercial radio development and converted its 
electronic technology to wartime needs. No device 


Fred J. Borch 


A forerunner of today’s missile and satellite detect- 
ing radar was this high-power radar laboratory 
built, installed and operated by GE-Syracuse in 
the late 1950s on Trinidad Island down range from 
NASA’s Cape Canaveral, Florida, space facility. 


New Forms of Communication 


in) Che Boston Dost 


; SEE OVER RADIO 


50 years after Alexanderson’s first TV receiver 
(above), GE remains a leading U.S. supplier of 
radio sets and an innovator in TV, offering new 
developments such as VIR and Widescreen 1000. 


GE Broadcasting operations include TV station 
WRGB, left, three AM, three TV and five FM out- 
lets, plus 12 cablevision systems. 
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contributed more to the success of the war effort 
‘than radar, and at its heart were GE electron tubes, 
including Hull’s magnetron. From the Spring of 
1941, when the Navy ordered 400 sets of early- 
warning radar, through the war years, the Company 
participated in the design and manufacture of over 
50 types of radar for the armed forces. Postwar 
radar developments have included high-power ac- 
quisition radar produced between 1957-71, long- 
range surveillance units in operation since 1960 and 
new, over-the-horizon designs for the 1980s. 


Electronics Park 


In 1945, the Company began construction of Elec- 
tronics Park in order to consolidate its scattered 
electronics operations. The 155-acre complex near 
Syracuse, New York, was completed in 1948. The 
Electronics Laboratory was soon 
announcing significant achieve- 
ments, including the Company’s 
first magnetic drum memory digi- 
tal computer, OARAC; the uni- 
junction transistor; the first all- 
transistor radio; and the first 
double sideband anti-jamming 
(Costas loop) receiver. Electron- 
ics Park also became a significant 
semiconductor center, helping 
GE emerge as the leading germa- 


included the commercial plastic signal transistor 
(1961); commercial plastic SCR (1965); and tape- 
automated semiconductor packaging providing a 
means of manufacturing integrated circuits in high 
volume and at low cost (1970). 


Electronics for industry 


Since 1901, when GE developed mercury-arc recti- 
fier tubes for street lighting, electronics have been 
increasingly applied to industrial uses. Variable con- 
trols of motors were most common, and photoelec- 
tric tubes were made in quantity by the Company 
starting in 1930. GE ignitrons were used in elec- 
tronic welding controls beginning in 1934 and ex- 
panded to include motor drives. In 1963, ignitrons 
yielded to the silicon-controlled rectifier (SCR) with 
the application of a SILCO-MATIC® SCR power 
supply converting a-c power to 
drive 12,000-horsepower d-c mo- 
tors in the rolling of steel plate— 
thus establishing a major trend in 
the industry by replacing motor- 
generator sets. : 

In addition to components, the 
Company developed electronic 
systems for improved industrial 
productivity. Typical was the in- 
troduction in 1959 of GE’s solid- 
state DIRECTO-MATIC® Elec- 


nium diode supplier. GE researchers Hull and Dushman. tric Control System, a sophisti- 


GE scientists continued to make 
significant discoveries in solid-state physics. In 1950, 
Dr. Robert N. Hall found that indium and germa- 
nium could be used to make alloyed P-N junctions 
—the basic elements of power rectifiers and some 
transistors. In 1960, Ivar Giaever’s discovery of 
super-conductive tunneling opened the possibility 
of a new class of electronic devices and led to his 
award, in 1973, of a Nobel Prize. Other GE firsts 


cated approach to controlling the 
numerous manufacturing processes in metal rolling 
mills. In the early 1960s, programmable controllers 
were developed for use in steel, power generation 
and petrochemical industries. 

One of the most dramatic applications of elec- 
tronic technology has been in computer timeshar- 
ing, a concept launched by the Company in 1963. 
The idea of several users sharing the same computer 
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1972—Reginald H. Jones becomes 
board chairman as Fred J. Borch re- 
tires. 1973—Nobel prize for physics 
awarded to Dr. Ivar Giaever of the 
GE R&D Center. 1976—Utah Inter- 
national Inc. merges with General 
Electric. VIR television receiver in- 
troduced. World’s largest hydroelec- 
tric turbine—from Canadian GE— 
installed at Grand Coulee Dam. 
1977—The world’s first all-solid- 
State, long-distance HVDC ttrans- 
mission project is completed. 


Reginald H. Jones 


New microprocessor used to improve existing sys- 
tems is checked on an “emulator” (above) in Gen- 
eral Electric’s Electronics Laboratory. 
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New GE-MOV® varistors, above, protect sensitive 
solid-state components against voltage surges. In- 
tegrated General Electric communications system 
(left). provides electronic efficiency for modern 
police and fire operations. 
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at the same time was developed by General Electric 
and Dartmouth College, utilizing a simple computer 
language dubbed “BASIC.” By 1965, GE introduced 
a commercial timesharing service that grew to a 
network of 42 U.S. cities by 1969, via satellite into 
Europe by 1971, and subsequently to Japan and 
Australia by 1973. In 1976, General Electric cut 
the ribbon opening its first overseas computer 
“supercenter” near Amsterdam, the Netherlands, 
adding to those already in opera- 
tion at Cleveland, Ohio, and 
Rockville, Maryland. 

i The GE MARK III® Service 
computer network today provides 
computational capabilities to 
over 600 cities in 21 countries in 
21 time zones. The network sup- 
ports a variety of terminals and 
handles a peak load of approxi- 
mately 1,800 simultaneous users 
daily. This is accomplished by in- 
tegrating over 200 electronic 
minicomputers, which concentrate and route traffic 
over 300,000 miles of telephone lines. 


Teleprinters 


An integral part of the growth of computer time- 
sharing has been the parallel development of high- 
speed teleprinter technology. GE entered the field 
in 1969 with its TermiNet® 300 printer, a device 
that utilized large-scale, solid-state integrated cir- 
cuitry. The printer provided an operating speed of 
30 characters-per-second, which was three times 
faster than conventional printers of the day. Today, 
/ General Electric offers a wide variety of teleprinters 
, ranging in speeds from 30 characters-per-second to 
340 lines per minute. 
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New GE high-speed teleprinter. 


Modern electronics at work includes GE Information Services 
Mark III® network (above) serving over 5000 customers world- 
wide and, right, GE Mark Century® machine control. 


The future of electronics 
“Solid-state electronics is rapidly permeating all 
phases of the Company’s businesses,’ comments 
Dr. James M. Lafferty, manager of the Research 
and Development Center’s Electronic Power Con- 
ditioning and Control Laboratory. He sees more in- 
tegrated circuits, power devices and microcom- 
puters at work in the years ahead. 

How will an increased use of minicomputers 
affect products?: Dr. Jerome J. 
Suran, manager of the Com- 
pany’s Electronics Laboratory, 
predicts that many products will 
have computer circuitry built 
in. “For example, to accomplish 
energy management in the 
home,” he says, “‘our refrigerator 
and washing machine may ‘talk’ 
to each other and automatically 
stagger their duty cycles to mini- 
mize energy use and balance the 
electrical load.” 

Dr. Suran explains that trends clearly show that 
the increasing complexity of computers is rapidly 
approaching that of the human brain. “Based upon 
this increasing sophistication of computer func- 
tions, we can project that in about 20 years, for the 
price you'd pay for a color television set, you could 
be able to buy your own robot. This household 
servant will be trainable, will be able to recognize 
people, do household chores, maintain records such 
as family medical histories and so on. All this is 
due to packing more complex electronics into less 
volume.” 

The consensus is that electronics has come of 
age in the years since Edison and that GE’s first 
century marks but the end of the beginning. 
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GE HISTORICAL HIGHLIGHTS 


CHAPTER 6 


n the fall of 1900, the young General Electric 
Company entertained a revolutionary idea: to 
establish its own laboratory devoted to scientific re- 
search. No other American company had one. After 
all, research was done at universities, not factories. 
As unusual as the idea was, it 
didn’t bother GE Vice President 
E. W. Rice, Jr. As technical direc- 
tor, he knew that scientific knowl- 
edge was the most important raw 
material for engineering develop- 
ment, and that the source of that 
knowledge was research. Also, 
the legacy of Edison’s Menlo 
Park laboratory had provided the 
Company with a deep respect for 
the value of inventions. 

The decision to establish a re- 
search laboratory was shared by Rice, GE co-found- 
er Elihu Thomson, consulting engineer Charles P. 
Steinmetz and patent lawyer Albert G. Davis. For 
the laboratory’s first director, they selected a young 
assistant professor at the Massachusetts Institute of 
Technology, Dr. Willis R. Whitney. The first home 
of GE research was a simple barn behind the home 
of Steinmetz, but after a fire destroyed it early in 
1901, facilities were found at the Schenectady 
Works. 

Under the guidance of Whitney, the new concept 
of industrial research and development took root 
and grew. A staff of talented scientists developed 
over the years, with the genius of Steinmetz aug- 
mented by Dr. William D. Coolidge, Dr. Irving 
Langmuir and others. The new knowledge that Rice 
had sought was soon emerging, to be applied to new 
and better products. 

Improved lamps were the first notable result of 
the new laboratory’s investigations. Whitney’s GEM 
metallized filament of 1904 boosted lamp life, and 
Coolidge’s ductile tungsten revolutionized both met- 
allurgy and lighting in 1914. Out of Langmuir’s re- 
search into electron flow in a vacuum and Coolidge’s 
knowledge of tungsten came, in 1913, the first high- 
vacuum, hot-cathode x-ray tube. It was known as 
the “Coolidge tube,” and its combination of tung- 
sten target, heated tungsten filament and high vac- 


First GE research lab 


uum became the basis for nearly all x-ray tubes 
from 1913 to the present. ; 

The Coolidge tube formed a significant techno- 
logical base for the Company’s medical business 
that, over the years, continued its innovation. Be- 
tween 1930 and 1960, GE intro- 
duced one- and two-million-volt 
tubes, remotely controlled x-ray 
systems, industrial x-ray units, 
and electronic patient monitoring 
equipment. In the 1970s, the 
Company entered the nuclear di- 
agnostic market with a full line of 
gamma cameras, and computed 
tomography with the first sub- 
five-second CT scanner. In 1977, 
GE introduced a mobile nuclear 
camera with built-in computer for 
real-time examinations, especially important in heart 
studies, and made improvements in CT technology 
including higher resolution image capability. 


Metallurgical products and diamonds 


What was billed as “the hardest metal produced by 
man,” cemented tungsten carbide, was the amazing 
product of the Carboloy Company formed by Gen- 
eral Electric in 1928. It gave cutting tools qualities 
far surpassing the best steels, and also gave a big 


boost to American industrial productivity. The Car- 


boloy Company grew during the war years, playing 
an important metalworking role in war production 
and then expanding applications of Carboloy® ce- 
mented carbides to tools for coal mining, oil and gas 
well drilling and blast hole drilling. The Company 
merged with GE in 1950. 

Another startling development made headlines 
around the world in 1955 when a team of GE scien- 
tists achieved a centuries-old dream by producing 
Man-Made® diamonds in the laboratory. While ap- 
propriately dazzling in themselves, they also created 
a new GE business: providing industrial diamond 
grit for applications ranging from metal cutting to 
glass grinding, stone and concrete sawing, and den- 
tistry. In 1969, another new superabrasive material, 
Borazon® cubic boron nitride, expanded the Com- 
pany’s product applications to include hardened 


Today’s GE R&D Center, above, is one 
largest, most diversified organizations of its kind 
in the world. X-ray research by Coolidge—at 
right below with Irving Langmuir and physicist 
J. J. Thomson in 1923—began today’s GE Med- 
ical Systems business, left. 


NEW BUSINESSES FROM RESEARCH 


Man-Made® diamonds (1955) and Synthesized 
gem diamonds (1970—above) by GE research- 


ers (below) ended a centuries-long quest to du- 
plicate nature’s hardest substance. 


steels and superalloys. In 1973, polycrystalline dia- 


mond Compax® blanks for machining metals were 
announced, followed by a BZN® Compact product 
line in 1974. 


Silicone materials 


Kids would later know silicones as “silly putty,” but 
to GE researchers intrigued with them in the 1930s, 
their properties were no laughing matter. From the 
commonest of substances—sand—came a versatile 
substance that could be changed, chameleon-like, 
into rubbers, adhesives, fluids, greases or resins. An- 
other fascinating characteristic: regardless of heat 
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Scientists study fabrication of silicon carbide 
heat-resistant materials (above); large family 
of GE silicone products grew from 1940 re- 
search on a direct process (below). 
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or cold, silicone rubber remained elastic. Silicones 
are a unique family of materials, bridging a gap 
between organic and inorganic substances and com- 
bining the inherent benefits of both types while vir- 
tually eliminating the limitations. 

_. Silicone research had flowed naturally from the 
Company’s quest for better insulating materials. A 
significant step was taken in 1940 by GE chemist 
Dr. Eugene Rochow, who invented a simplified pro- 
cedure for the preparation of silicone chemicals. 
His “direct process” involved a chemical reaction 
combining silicon with a compound of carbon, hy- 
drogen and chlorine. 


From test-tube quantities, silicones grew to com- 
mercial scale with the opening of the Company's 
Waterford, New York, plant in 1947 under the di- 
rection of Dr. Charles E. Reed. Since General Elec- 
tric is one of only two major companies in the 
country manufacturing the material, the Waterford 
plant comes close to being one of a kind. It was 
one of the most ambitious projects to be undertaken 
in the Company’s post-war expansion program and 
incorporated advanced principles of modern chemi- 
cal engineering in its design. It took more than two 
years’ time to design and build. | 

For over 30 years, a steady stream of new prod- 
ucts—-now numbering over 2000—has reflected ro- 
bust world demand. The stable, heat-resistant poly- 
mers are used as adhesive sealants, encapsulating 


compounds, formed-in-place gaskets, sealants for 


building construction, additives, lubricants, and a 
host of other products applied to industrial, con- 
struction and consumer needs. Their esoteric uses 
include the boots worn by astronaut Neil Armstrong 
as he took his historic first step on the moon. 


New plastics 


Charles Steinmetz can be credited with launching 
GE’s plastics business. In 1912 he recommended 
expansion of the staff conducting research in artifi- 
cial resin chemistry. An early product of this effort 
was Glyptal® alkyd resin paint used in electrical 
coatings and varnishes. By 1928, a large phenolic 
compounding plant was established at Pittsfield, 
Mass., and soon produced such products as vacuum 
tube bases to replace fragile ceramics. Numerous 
wire coatings and insulation were developed by GE 
beginning with PVC polymers that supplanted brit- 
tle rubber in 1934, followed by flame-resistant 
Flamenol® insulation, Formex wire enamel and 
tough Alkanex® polyester insulation. 

The modern era of engineering plastics began in 
1953 with the discovery of Lexan® polycarbonate 
resin—one of the world’s toughest and most famous 
plastic materials. Dr. Daniel W. Fox was working 
on new wire insulations at the Research Laboratory 
and “brewing” a batch of polymers using diphenyl 
carbonate when his stirrer motor stalled. 

“When the mass cooled down,” he recalls, “I 
broke off the glass and ended up with a ‘mallet’ 
made up of a semi-circular replica of the bottom of 
the flask with the stainless steel stirring rod sticking 
out of it. We kept it around the laboratory and occa- 
sionally used it to drive nails. It was tough.” 

GE’s family of plastics grew with the 1956 dis- 
covery by Dr. Allen Hay of an entirely new polymer 
material, PPO® resin, with excellent strength at high 
temperatures. The commercial outgrowth of his dis- 
covery: Noryl® resin. Soon to follow were Genal®, 


Dr. Daniel Fox (above), inventor of supertough 
Lexan® polycarbonate resin. Today, Lexan Struc- 
tural Foam reduces jeep weight by substituting 
for its heavier metal top (below). 


the modern injection-moldable version of the orig- 
inal phenolic, in 1968, Valox® thermoplastic poly- 
ester resin in 1971, and Engineering Structural 
Foam in 1972. Today, GE produces over 500 mil- 
lion pounds of engineering plastics a year and is the 
world leader in the field. 


GE in space 


At White Sands, New Mexico, in the late 1940s, GE 
and German scientists combined their talents to give 
America its first boost into space. It was dubbed the 
Hermes Project after the Greek messenger of the 
gods, and it began with captured V-2 rockets. But 


NEW BUSINESSES FROM RESEARCH 


By 1961, GE had opened its Space Technology 
Center on a 128-acre wooded site at Valley Forge, 
Pa., where a complex of nine buildings rose to be- 
come the largest, most advanced space facility built 
by private industry. Here, GE’s support of the na- 
tion’s all-out manned space effort spanning the Mer- 
cury, Gemini, Apollo and Skylab programs was 
concentrated. For Project Apollo, GE supplied 
overall quality control, systems engineering, check- 
out equipment, facilities for Saturn launch vehicle 
tests, first live color TV pictures of splashdown, and 
the SNAP-27 lunar power source. When man land- 
| ed on the moon, it was with the help of 37 GE com- 

ponents and some 6000 employees. 

Post-Apollo assignments have included develop- 
ment of the Nimbus and Landsat satellites, Japan’s 
experimental broadcast satellite, the Space Shuttle’s 

. checkout station, and interplanetary probes such as 
Viking, Pioneer and Jupiter. Among many spin-offs 
of GE space technology are thermal insulation for 
the Alaskan pipeline, manned underwater habitats, 
modular housing, environmental protection systems, 


GE aerospace, technology includes satellite mi- : experimental solar energy systems, and industrial 
crowave communications (above), sophisticated ; 7 ql and underwater manipulators. 


re-entry systems for space vehicles (right), and 
ocean systems for undersea research (below). 


General Electric technology builds the world’s 
economic infrastructure, including Speedtronic® 
solid-state control system for GE gas turbines in 
the Mid-East (above), and power transformers 


GE technology: international at Aguirre, Puerto Rico (below). 


over its decade of existence, the project tested 103 
rockets and missiles and developed the world’s first 
multistage liquid-propellant rocket that was a pre- 
cursor of the Atlas and Titan rockets later built by 
the U.S. , 

In 1955, GE was given the challenge of develop- 
ing a heat protection system to house and protect 
space payloads during re-entry into the earth’s at- 
mosphere when temperatures of 12,000°F are en- 
countered. The result was the extremely successful 
Mark 2 re-entry system. Operational on both the 
USAF Thor IRBM and the Atlas ICBM, the Mark 
2 provided the nation with a strategic deterrent 


weapon system which helped maintain the world’s 
balance of power. Today, GE provides the re-entry 
systems for the USAF’s Minuteman III and the 
U.S. Navy’s Trident ballistic missiles. 

From this weapon systems work evolved a series 
of early technological achievements which served as 
stepping stones for advanced aerospace programs: 
the first payload recovery from space, in 1958; the 
first vehicle recovery after flying the full ICBM 
range. (1959); first photos taken from space (1959); 
the first satellite recovery from orbit (1960); the first 
transmission during re-entry blackout period (1961); 
and the Biosatellite space laboratory (1969). 
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Since 1882, when Edison installed a 3000-lamp 
electric lighting system at London’s Holborn Via- 
duct, GE technology has known no national bound- 
aries. By 1893, GE proudly proclaimed that its in- 
candescent and arc lamps “extend in an unbroken 
line around the earth; they shine in the palace of the 
Mikado as well as in the Opera House in Paris.” 

“International demand for GE technology has 
grown steadily over the history of the Company,” 
points out Senior Vice President and International 
Sector Executive John F. Burlingame. “For exam- 
ple, back in 1914, GE contributed significantly to 
the electrification of the Panama Canal. Today, 
General Electric technology and know-how are at 
work in more than 140 countries of the world. Ex- 
amples range from power generation in Japan and 
d-c transmission in Zaire to locomotives for Latin 
America and jet engines for the A300 European 
Airbus. 

‘“‘High-technology products and systems account- 
ed for a major share of GE’s $4.7 billion in sales to 
markets outside the U.S. in 1977. Of particular im- 
portance were power, transportation, communica- 
tions and medical systems, as well as industrial pro- 
duction equipment and materials such as engineer- 
ing plastics and Man-Made® diamonds. 

“In the future, GE’s success as an international 
company will continue to depend in large part on 
how well we match our technical capabilities to the 
needs of countries in every stage of growth and de- 


velopment. As a result, maintaining technological 
leadership will continue to be a priority objective in 
the years ahead.” 


GE’s research thrusts 


Dr. Arthur M. Bueche, senior vice president — Cor- 
porate Technology, summarizes the Company’s pres- 
ent technical thrusts: “In 1977, for the second year 
in a row, GE’s R&D expenditures topped $1 billion. 
Around the world, the Company has some 15,000 
technical-degree holders engaged in research, de- 
velopment and engineering. In terms of the breadth 
and depth of their technical training, and the vari- 


